Introduction 59 60
In light of inadequate global actions to deal with global warming in spite of the 1992 61
United Nations Framework Convention on Climate Change, two prominent atmospheric 62 scientists published papers six years ago suggesting that society consider geoengineering 63 solutions to global warming (Crutzen, 2006; Wigley, 2006) . This is not a new idea, as there is a 64 long history of attempts to control weather and climate (Fleming, 2010) and of research on the 65 subject . Nevertheless, Crutzen's paper generated much interest in the press 66 and in the scientific community, and there has been an increasing amount of work on the topic 67 since then. But is geoengineering research ethical? 68
69
Geoengineering raises a number of ethical questions. Does geoengineering research take 70 resources away from activities that are more useful to society? Does geoengineering research 71 create a research and implementation infrastructure that is a slippery slope to deployment? Is 72 geoengineering research an exercise in hubris or another means for developed countries to run 73 the world for their benefit? What are the differences between carbon dioxide reduction and solar 74 radiation management geoengineering research? Does it make a difference if the research is 75 indoors or outdoors? Should implementation technology be built and tested? Does the existence 76 of geoengineering research remove the political drive for mitigation of climate change by 77 stopping greenhouse gas emissions? 78
79
The term geoengineering has come to refer to both carbon dioxide reduction and solar 80 radiation management (Shepherd et al., 2009; Lenton and Vaughan, 2009 ), and these two 81 different approaches to climate control have very different scientific, ethical and governance 82 issues. Carbon dioxide reduction, by removing CO 2 from the free atmosphere, can only make 83 gradual changes in future climate and most agree that if it could be done safely and cheaply 84 enough, it would remove the primary cause of global warming and be a good thing. Therefore, 85 research on carbon dioxide reduction is ethical, and will not be further addressed here. 86 87 This paper will only deal with solar radiation management (SRM), and focus on 88 suggestions to produce stratospheric clouds to reflect sunlight in the same way large volcanic 89 eruptions do or to brighten marine clouds by injecting particles into them. Stratospheric aerosols 90 and marine cloud brightening are the only two schemes that seem to have the potential to 91 produce effective and inexpensive large cooling of the planet (Lenton and Vaughan, 2009 GAO (2011) , and Betz (2012). All argue that while research so far has pointed out both 100 benefits and risks from geoengineering, and that it is not a solution to the global warming 101 problem, at some time in the future, despite mitigation and adaptation measures, society may be 102 tempted to try to control the climate to avoid dangerous impacts. Much more research on 103 geoengineering is needed so that society will be able to make informed decisions. geoengineering fixes could distract the public and policy makers from critically needed efforts to 116 reduce greenhouse gas emissions and build society's capacity to deal with unavoidable climate 117 impacts. Developing any new capacity, including geoengineering, requires resources that will 118 possibly be drawn from more productive uses. Geoengineering technologies, once developed, 119 may enable short-sighted and unwise deployment decisions, with potentially serious unforeseen 120 consequences." 121
122
To this we can add that once a technology is developed, it will produce a commercial 123 enterprise with an interest in self-preservation. We need think no further than the current over-124 developed military resources in the world, particularly in the United States, to see how dangerous 125 technologies perpetuate themselves. The global nuclear arsenal is the most dangerous of these 126 (e.g., Toon et al., 2009; Robock and Toon, 2010) . And there is also great concern that 127 geoengineering research will develop weapons to control the weather and climate of potential 128
enemies. This has been the major motivation and funding source for such research until recently 129 (Fleming, 2010) . Perhaps, in the future the benefits of geoengineering will outweigh the risks, considering 236 the risks of doing nothing. Only with geoengineering research will we be able to make those 237 judgments. But a current governance structure for geoengineering does not exist, and needs 238 development along with the science and technology. 239
240
To summarize, indoor geoengineering research is ethically justifiable, subject to the 241 principles discussed above. Outdoor geoengineering research, on the other hand is not ethical, 242 unless subject to governance mechanisms yet to be developed. 
